An adjacent vertex distinguishing proper edge coloring of a graph G is a proper edge coloring of G such that no pair of adjacent vertices meet the same set of colors. The minimum number of colors is called adjacent vertex distinguishing proper edge chromatic number of G. In this paper, we present a new heuristic intelligent algorithm to calculate the adjacent vertex distinguishing proper edge chromatic number of graphs. To be exact, the algorithm establishes two objective subfunctions and a main objective function to find its optimal solutions by the conditions of adjacent vertex distinguishing proper edge coloring. Moreover, we test and analyze its feasibility, and the test results show that this algorithm can rapidly and efficiently calculate the adjacent vertex distinguishing proper edge chromatic number of graphs with fixed order, and its time complexity is less than O(n 3 ).
Introduction
Throughout this paper, we concern only with simple undirected graphs (loops and multiple edges are not allowed). Let G = (V, E) be a graph with vertex set V (G) and edge set E(G) where |V (G)| = n and |E(G)| = m. We denote by ∆ the maximum degree of G. As one of the important problems in graph theory, graph coloring problem, which can date back to the 1852, "The Four Color Conjecture", has important theoretical and practical significance. In 1993, the concept and conjecture of the vertex distinguishing edge coloring of a graph (the strong edge coloring) [8] is proposed and no isolated edge, then χ as (G) ≤ ∆(G) + 300. In [3] , Balister et al. pointed out that if G has maximum degree ∆ = 3, then it has 5-AVDPEC. They also obtained the adjacent vertex distinguishing proper edge chromatic number of bipartite graph with no isolated edge ∆ + 2. Baril et al. also have obtained some related research [5, 10, 11] . The adjacent vertex distinguishing proper edge chromatic number of K(n, m) was given by the first author in [14] (that has been cited by Google search at least 40 times). According to the average degree of a graph, Wang et al. obtained some meaningful results in paper [16] [17] [18] . In 2011, Herve Hocquard et al. pointed out that if a graph whose maximum degree is not less than 5 and average degree is less than 13/5, then the adjacent vertex distinguishing proper edge chromatic number is the maximum degree of this graph plus 1 [13] . In 2014, Zhang et al. proved that adjacent vertex distinguishing proper edge chromatic number of G is not more than 5/2 times maximum degree plus 2 if G has no isolated edge [20] , and this is the best proof on conjecture of adjacent vertex distinguishing proper edge coloring. For a simple graph with no isolated edge, there is no algorithm that can calculate its adjacent vertex distinguishing proper edge chromatic number till now. Unfortunately, there is a big gap between the theoretical results and virtual chromatic number. In this paper, we design a new adjacent vertex distinguishing proper edge coloring algorithm for any graph with no isolated edge, and also give the algorithm steps and its test results. Implementing this algorithm has the following ideas:
(i) Combined with the graph generation algorithm, we can obtain the adjacent vertex distinguishing proper edge chromatic number of all graph within finite vertices, and then analyze structural property of graphs with chromatic numbers ∆, ∆ + 1, ∆ + 2 and ∆ + 3. We attempt to give a necessary condition The terminology and symbols that are used in this paper can be found in [7] .
Adjacent Vertex Distinguishing Proper Edge Coloring Algorithm of Graphs

Construct objective function
According to the Definition 1.1, a k-AVDPEC of G should satisfy the following two constraint conditions: (i) Adjacent edges have different colors; (ii) the color set of two adjacent vertices are not equal. Here, we give an illustration about two constraint functions and a main objective function.
Edge constraint function
From the first constraint condition, adjacent edges must be assigned different colors. So there exists a mapping f : E(G) → {1, 2, . . . , k}, the edge constraint function is given as follows: For any adjacent edges e i and e j , we define that
where ∼ presents e i and e j are adjacent and F 1 means the number of edge-pairs that do not satisfy (i). Clearly, (i) holds if and only if F 1 = 0.
Color set constraint function
From the second constraint condition, the color set of two adjacent vertices are different. Let f be a mapping from E(G) to C = {1, 2, . . . , k}, where C(v) = {f (uv) | uv ∈ E(G)} is the color set for v. So, we give the color set constraint function as follows: For any two adjacent vertices u and v, we define that 
The total objective function
where F means the total number of all elements that do not satisfy (i) and (ii). It is easy to see that the coloring result is successful if and only if F = 0. Steps:
(1) Input a positive integer n, it means the number of vertices of G. Steps:
(1) For an adjacency matrix of proper edge coloring of graph, we traverse all vertices v i from 1 to n. If there exist two (or more) adjacent vertices such that whose color complement set C are identical, then the algorithm goes into next step, otherwise F 2 = 0, the current algorithm end. 
. . , a q } (let a q denote the qth color, where q is an integer and 1 ≤ q ≤ k), we use a 1 to color the edge v i v l , after that, we modify C(v i ) and C(v l ), and return to step (1) . Otherwise, the algorithm goes to next step.
. . , a q } (let a q denote the qth color, where q is an integer and 1 ≤ q ≤ k), then we set color a 1 on edge v i v j , meanwhile, we modify C(v i ) and C(v j ), and the algorithm return to step (1) . Otherwise, we check all vertices but v i whether there exist two(or more) vertices such that its color complement sets are identical. If present, then it returns to (2), otherwise k = k + 1, then it returns to Algorithm 3.2 to execute, the current algorithm does not end until F 2 = 0. 
Steps:
Step Step 3: For a graph G, since adjacent vertex distinguishing proper edge chromatic number must be no less than ∆, we set the initial color number k = ∆. 
Step 6: Execute Algorithm 3.3, it is sure that no two adjacent vertices of G whose color set are same, which yields F 2 = 0.
Step 7: Now, the total objective F = F 1 + F 2 = 0, so adjacent vertex distinguishing proper edge coloring algorithm of graph G is finished, the algorithm ends.
Algorithm Testing
For the above algorithm, we choose a simple connected graph of order 12 as the experimental object to test. Table 1 below. (ii) Count the number of vertices of each degree, then we find out the maximum degree and the required color number k. 
Because in this graph, there are two vertices adjacent with the maximum degree, we suppose that k = ∆ + 1 = 12.
(2) Complete proper edge coloring of graph G.
(i) Set colors on the edge of G randomly (shown in Table 3 ). Meanwhile, the initial coloring complement matrix C is shown in 9 (this means that we change the color of edge v 4 v 9 , and similarly hereinafter); 
After the first adjustment, the coloring result of G is shown in Table 5 and the complement set C of G is shown in Table 6 .
After the first adjustment, the sort array
[0] = 1 and F 1 = 0, vertex v 6 does not fulfill the requirement of k-PEC , and so we should execute the second adjustment for color sets.
The second adjustment: Table 8 . The set C of graph G after secon adjustment. 
The algorithm for adjacent vertex distinguishing proper edge coloring of graphs
After the second adjustment, the coloring result of graph G is shown in Table 7 , and the complement set C of graph G is shown in Table 8 .
After the second adjustment, the sort array Through this checking, any two adjacent vertex coloring sets are different in graph. Now F 2 = 0, so, the adjacent vertex distinguishing proper edge coloring algorithm for this graph G is finished. The final result is shown in Table 7 .
Algorithm Analysis
The correctness of algorithms
Because the adjacent vertex distinguishing proper edge chromatic number of disconnected graph is determined by the connected subgraph, this algorithm is only for simple connected graphs. According to the characters of adjacent vertex distinguishing proper edge coloring, we construct the edge constraint function this algorithm. Here, we obtain a final constraint function F = F 1 + F 2 and use its value to judge whether a graph coloring satisfies the adjacent vertex distinguishing proper edge coloring. The first step of the algorithm is to get a pre-coloring value through random coloring and we save this value temporarily. Next, we exchange the color complement sets of each vertex till F 1 = 0, that is, we primarily ensure that the edge coloring becomes a proper edge coloring. Then, we adjust the color set to guarantee F 2 = 0 by using the exchanging rules, that is, coloring such that no two adjacent vertices have the same color sets. Now, the coloring has satisfied adjacent vertex distinguishing proper edge coloring conditions, i.e., F = F 1 + F 2 = 0. It is easy to see that the algorithm is a process that find the best scheme gradually, and it can obtain the adjacent vertex distinguishing proper edge chromatic number for a given simple graph.
The convergence of algorithms
The convergence property of this algorithm depends on whether the color set, which satisfy the conditions of the adjacent vertex distinguishing proper edge coloring, can be found. In other words, this algorithm mainly depends on adjusting color sets.
(i) Monotonicity
Adjusting the color set of a graph to become a proper edge coloring, we see that F i decreases gradually for i = 1, 2, hence the total objective function F is decreasing. Therefore, the process about color set adjustment of the algorithm is monotone decreasing. (ii) Boundedness
According to the pre-coloring set, sequentially scanning the color matrix
. When the color matrix has reached to default state, or the iteration number has reached the given number of iterations, but the coloring of the graph cannot be completed by using the initial chromatic number k, then, we set k = k + 1, and restart coloring.
Summing up the above, since the adjacent vertex distinguishing proper edge chromatic number for any simple graph exists, the algorithm is convergent.
The time complexity of algorithms
The factors that mainly affect the time complexity of the algorithm can be classified as two aspects: one is the worst time complexity
(pre c is the edge random coloring function) if edges of G were randomly colored; the other is to adjust the color, for a random graph G of order n, the range of values of
, and the exchange rule ensure that the color complement set makes the value of F 1 unchanged or −1, but the unchanged times are not less than n − 1. Thus, the worst complexity about finishing proper edge 
The analysis about coloring result
In a desktop with Intel(R) CORE(TM) i3, 2.4 GHz basic frequency and 2G memory, we have selected about 500 millions random graphs (including all simple connected graphs of order ≤ 8), whose order is not more than 800, to test in VC environment.
The test about all simple connected graphs of order ≤ 8
The adjacent vertex distinguishing proper edge coloring of all simple connected graphs, whose order is not more than 8, is shown in Table 9 .
Relation between the average degree and the adjacent vertex distinguishing proper edge coloring chromatic number
For any graph, the average degree is defined as follows: According to the test result, if AveDegree(G) is fixed, along with the number of vertices of G increasing, the maximum degree of G also increases, meanwhile, χ as (G) shows a linear growth trend; and if the number of vertices of G is fixed, along with the average degree of graphs increasing, the maximum degree of graphs also linear increases, χ as (G) also shows a growth trend. In all our tests, the proportion of graphs such that χ as (G) = ∆(G) is 97.6%, but the proportion of graphs such that χ as (G) = ∆(G) + 2 is only one in 10 million. In the following, we give the result of random graph of order 800, at the same time, we give the average degree, the maximum degree and its number of the random graph. 
Conclusion
This paper gives a new algorithm about adjacent vertex distinguishing proper edge coloring of graphs. This algorithm establishes two sub-objective functions F 1 , F 2 and a total objective function F = F 1 + F 2 to obtain the adjacent vertex distinguishing proper edge chromatic number for random graphs. We have tested and analyzed its feasibility, and the test results show that this algorithm can rapidly and efficiently calculate adjacent vertex distinguishing proper edge chromatic number of graphs with fixed order, and its time complexity is less than O(n 3 ). By the above algorithms, we can prove that Conjecture 1 holds for a graph with fixed order.
